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Table 3 (continued) 


J. Factors Concerning the Nature of the Risk Source: 
Human, social and artificial risk sources 
Individual avoidability of potential hazards 
Possible perception with sensory organs 
Reversibility or irreversibility of the potential 
damage 
Existence of alternatives 
Distance from the risk source 


Factors Specifically Referred to Benefits: 
- Exclusivity of benefit experience 

- Public versus private good 

- Uniform distribution of benefits 


(Rowe, '77, 349, p.42; Otway, '77, 297, p.4; Otway et al., 
'75, 296, p.3 ff.; Déderlein, '78, 80, p.17 ff.; Starr, '77, 
409, p.446 ff.; Slovic et al., '79, 872, p.11 ff.; Swaton 
et al., '76, 379; Maderthaner et al., '76, 236, p.5 ff.; 
Vlek, Stallen, '79, 529, p.19 £.). 


Empirical studies have confirmed that voluntariness, 
familiarity and the severity of damage have a special 
effect on risk acceptance (Fischhoff et al., '78, 112, 
p. 144 ff.). In addition, personal monitoring possibili- 
ties, habituation effects and avoidability have been 
identified as significant effective parameters (Swaton 
et al., '76, 379, p. 7 ff.; Maderthaner et al., '76, 
236, p. 6 ff.; Peters, '79, 314, p. 96 ff.). However, 
none of these studies reveal the significance of the 
qualitative risk characteristics for risk acceptance 

or their general applicability to different types of 
risk. 
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)Sríbly universal erroneous interpretation 
iividuals (attributive biases) . 

y: perception and weighting were $lready 

jur description of the decision-making 

c analysis studies. The overestimation 

; with dramatic effects, the underestima- 
abilities in a catastrophic risk con- 
yerception of one's own experience as a reli- 
and the negative relaticnship existing 
nplexity of a risk source and its intuitive 
only a few of the mechanisms used to as- 
nation on risk sources under the "common 

, The primary question is to determine 

s transfer risk to their own lives 

Lions on damage possibilities and probabilities; 
rion involves the generalization process 

1ess of exposure, once developed, is expanded 
(ral circumstances. The first area has 

ed as "availability" in the mostly English- 
ature, and the second as "representativeness" 
regression" (Stallen, '77, 523, p.7 ff.1 

'79, 371, p.15 ff.; Tversky/Kahneman, '75, 


oe summarized by stating that memory, the 
imagine consequences, perceived publicity 
ffects of the potential damage have an 
strength of the potential exposure variable, 
ktrapolation from small numbers to an entity, 
statistical dispersion and the overestima- 
ant information determine the type of in- 
lization (Ross, '77, p.173 ff.; Bierbrauer, 


ff.). 








Situational effects and dispositional characteristics of 

the weighing medium (subject-referred criteria). 

There is no doubt that situational and dispositional 

factors explain a considerable proportion of the acceptance 

of risk sources. The majority of attitude research in 

this field has the objective of determining via correlation 

analysis the dependencies of attitudes towards external 

variables such as psychic factors, situational character- 

istics or social structures. However, the value of these . 

external variables for weighting the risk elements has 

remained a matter of dispute until today (Kogan, Wallach, 

'72, 504, p.137). Apparently there ar^ quite a number 

of subject-referred weighting factors which could have 

an effect on the evaluation of the cognitions: 

- Related and similar attitude systems, 

- Internalized value structures, 

- Psychic characteristics, | 

- Social structural characteristics, 

- Desire for consonance with reference groups, 

- Individual role and external role attribution in the 
interaction with risk informants. 


Probabilistic Risk Analysis for Technologios 





After defining the most important terminology of the risk 
concept it is indispensable for the further theoretical 
approach to deal with the problem of the objective 
quantifiability of risks. On the one hand, this involves 
the problem as to how far a comparison of so-called ob- 
jective risk analyses and subjective perceptions is 
acceptable at all and, on the other hand, the question 
as to the information value of probabilistic risk analyses 
for risk research in the social sciences. Both problem 
areas are directly concerned with the selection of a 
theoretical frame of reference and its empirical trans- 
formation. For instance, is it acceptable to measure 


























distorted risk perception if there is no certainty that 


the objective reference parameters are correct? Is this ` 


a question of a communication deficit or is it the con- 
gequencé of the inadequacy of objective risk studies 


that probabilistic risk analyses (such as the one suggested 


by Rasmussen) have no far-reaching consequences on public 
attitudes? 


Scientifically substantiated analyses on the consequences 


of risks attempt to identify the consequences of the 
perceived event (or its perturbations) and to calculate 
their probabilities. 


Without doubt, the calculation of these two quantities 
is never complete or unambiguous and, at the same time, 
it is not free of subjective judgements or scientific 


conventions. Some arguments shall be presented in support 


of this statement: 


Estimation and identification of risk consecuences has 
so far been possible only for direct damage to human 


health and to the environment, while other consequences 


(such as intangible or symbolic consequences) are dif- 


ficult or even impossible to handle by numeric analysis. 


Any identification of consequences must, of necessity, 
consist of a selection from the unlimited number of 
possible error profiles. In spite of systematic and 
highly differentiated model computation (such as error 
tree analysis) it is impossible to predict all possible 


damage events, far less the damage consequences. 


In addition to the limiteu nature of the analysis of 
nuclear accident events and potential consequences, it 
is absolutely necessary to limit the exposure paths 
so as to avoid endless speculation. For each damage 








- 8 ^7 


event, second-order and third-order consequences (cf. 
Figure 6) are conceivable which result as consequences 
of the next-higher order. Since the number of potential 
consequences rises exponentially with each additional 
order level, a convention is required with respect to 
the link in this chain where the border line of ana- 
lysis is to be drawn. 


The evaluation of orders of magnitude for consequences 
must be based on a substitutive relationship of risk 
consequences. This applies not only to the cost- 
efficiency analysis often discussed in the literature 
where an optimum trade-off between cost and safety must 
be determined (cf. Figure 7), but also to any type of 
indirect consequence (such as the degree of security of 


facilities against sabotage versus the acceptable limita- 


tions to the freedom of the staff employed in that 
facility). An optimum point in the relationship between 
risk consequences can be established only subjectively 
or only on the basis of a scientific convention since 

a generally applicable optimization rule and a 
generally applicable yardstick of comparison for all 


risk consequences cannot be determined intersubjectively. 


In the computation of probabilities the problem arises of 
determining the statistical confidence intervals for 
the occurrence of accidents and possible conse- 

quences sincethe statistical axioms of random distribu- 
tion, independence of measured data and constancy of 
third variables are satisfied to an inadequate degree 
only (for instance, by a transfer of experience acquired 
on technical systems in a conventional facility to hypo- 
thetical computations of failures in a different techno- 
logical context). 
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Fig. 6: Outcome-Exposure Pathways 























- In addition, the spread of uncertainty is further in- 
creased by the infinite number of possible accident 
profiles, by the fact that certain, entirely unusual 
chains of events cannot be foreseen and by the limita- 
tion, required for technological reasons, to single 
events or two simultaneously occurring events (common 
mode failure). 


In probability computations, random failure factors 

such as human error can be calculated only with 
reservations. in principle, there are three possibilities 
for the extrapolation of human error in the manipulation 
of technological systems: 

- The game theory variant, 

- The probable operator error variant 

- The random operator error variant. 


All three methods are used in modern risk computations. 
The advantages and disadvantages of these three veriants 
will not be discussed in detail here. 


The variant to be used for estimating a risk is a 
question of subjective estimation or scientific con- 
vention: different results are obtained, depending 


on which system is used. 


The sum total of this risk discussion is that risk estima- 
tion by its very nature and under the present state of 

the art cannot yield objective data in the sense of inter- 
subjective validity. On the one hand, important areas 
always remain excluded (bounded rationality) and on the 
other hand it is unavoidable to use subjective judgement 
in various estimation processes (subjective rationality). 











However, it is not intended to create the impression 

tha- risk analyses are not meaningful because they cannot 
yield objective results. First, limited rationality 
statements are still better than pure intuition, 

and, second, the usefulness of scientific risk 

estimates does not consist in establishing an absolute 
risk yardstick but in developing a basis for a comparison 
of potential alternatives for achieving a certain benefit 
(risk-effectiveness method). It is not without reason 
that especially the probability analyses of risks and 
risk consequences have very reliably identified weak points 
in the technological system (German Reactor Safety Commis- 
sion (GRS), '79, 128, p.43). 


Whet, then, is the information content of probabilistic 
risk analyses for research projects in the social sciences? 
The discussicn above should already have revealed that 
this analysis must not be used as a yardstick for the 
correctness of laymen's perceptions. On the other hand, 
however, it would be just as unfortunate to believe that 
any intuitive risk analysis has the same value as a 
scientifically well-founded risk computation based on a 
sophisticated methodology. In order to find a meaningful 
solution ranging between these two extremes, we shall 
now introduce the model of graduated rationality. 


The Graduated Rationality Model 








A documentary and a communicative form of perception 
have been characterized as two important components 

of the perception model. Both types are specific for 
second-hand risk perception, i.e. the individual accepts 
information from other individuals and assimilates that 
information. In the final analysis, this information 
can be reduced to experience, associations ox intuition. 
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Association and intuition are procedures which, on average, 
can claim the least degree of objectivity in the 
estimation of the magnitude of a risk. Experience, on the 
other hand, must be considered an objective cognizance 
instrument, provided that it can be verified by others 

and is generally applicable. This objective can be 
achieved only if experience is collected systematically 
and its information content tested empirically. Most 
laymen are not able to accomplish this because they lack 
the resources in terms of time, funds and basic informa- 
tion, in addition to formal training. Therefore, in 

order to obtain their own notion of the potential con- 
sequences of a risk source, laymen adopt the professional 
analyses via the communication media and expand them 

with their own associative, observative and intuitive 
information which, as a rule, cannot improve the degree 

of objectivity of the professional estimates. The lower 
the level of dissemination of the considerations prepared 
by experts, via media, institutions or other means of 
communication down to the individual citizen, the lower 
will be the average objectivity to be expected of the 
arriving message. However, it is quite possible thatthere 
are individuals who can detect errors beyond the results 
passed on by the experts and acquire new insights. 


Figure 8 exemplifies the relationships existing between 
experts’ estimates, communicative institutions and laymen's 
perceptions. The considerations represented in this graph 
are based on a fictitious risk-benefit source whose true, 
real risk is given. On a random basis, 50% positive and 
50% negative effects have been selected for this graph 
whica, however, does not yet allow any judgement as to 
whether the risk source in question is acceptable since 
this would first require evaluation of the consequences. 
The experts who are predominantly concerned with the risk 
source will partially penetrate the true structure of the 
consequences and gain new insights. In addition, however, 





depending on their basic attitudes, they are also affected 
by their personal backgrounds, by their attitudes toward 
the institutions promoting the innovation in question, 

by intvitively perceived consequences etc., so that they 
tend to select more positive or more negative aspects 

from the body of potential consequences. Figure B shows 

a polarization between advocates and opponents from the 
outset. This polarization is certainly not mandatory, 

but simplifies the graphic representation. Lack of cog- 
nition capabilities, personal interests and erroneous pro- 
jections have the result that, in addition to the perception 
of true risk-benefit consequences, each position taken 
also includes wrongly perceived, erroneous consequences 

or calculations of their probability, and that it 

neqlects unforeseeable or incalculable consequences 
(possibly as a deliberate act). The Figure shows a mix 

of true and false statements and the possibility of sub- 
jective influence. 


In the next phase, media and institutions (politics, 
business, school etc.) take up the subject and will in 

turn add new errors through misunderstandings, selective 
reception and some subjective interpretations, but will pos- 
sibly also add some entirely new, valid cognitions based 

on a “ash of intuition. The error ratio will far 

exceed the ratio of new cognition because the communicators, 
due to lack of time (not specialized for this particular 
risk source), lack of specific technical know-how and 
geometric progression of errors already received from the 
experts, have only few possibilities of acquiring genuine 
new information, but all the more opportunity for error. 


The normal case is described oy a triangle whose broad 

base is located in the region of new errors while its 

tip is located in the true risk-benefit field. Only one 
triangle has been plotted in Figure 8 for simplicity's sake; 
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The Model of Graduated Risk Perception 
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r level we have perception of the message 
tors by the public; of course, this can 
on a third or fourth level. Here, the 

B repeated which already determined the 
tween experts and communicators. Many new 
derstandings, errors transferred during 
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n's perception. Again, a triangle shifted 
L down will represent the perception 


omentary appreciation, a gradual strati- 
onality between these levels represents 
thesis, the dynamic interaction process 
zels must not be neglected (Eisenhart/ 
99, p.71 ff.). The limits of information 
expanded through questions by the public 
te institutions and transmission of these 
experts, because experts frequently tend 
in types of questions. It is also pos- 
iswers satisfy the public so littie that 
recruited from the public itself or from 
science in order to ensure greater atten- 
aspects not yet satisfactorily clarified. 
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The model of graduated rationality avoids the error of 
judging any statement, any evaluation of a risk source 

- no matter how far-fetched - as having the same value 

as the expert estimations in the sense of cognition 
theory. The model demonstrates, on the one hand, the 
limits for the determination of risks via scientific 
methodology but, cn the other hand, assigns to these 

risk analyses a priority over the perceptions of laymen. 
The model can be used to explain the divergent perceptions 


of experts which should not occur in objective risk estima- 


tion , as well as the obvious deviations of laymen's per- 
ceptions from logical rationality. It is unnecessary, 
therefore, to adopt Lennart SjóÓberg's proposal that, due 
to the distorted perception of the experts, common sense 
should be made the yardstick of risk evaluation (Sjöberg, 
'77, 522, p.26). 


Attitudes and Acceptance 


The above discussion of the theoretical starting concept 
was based on a static overall picture. However, since 

the acceptance problem involves a process of weighing 
between different risk elements, a dynamic model is re- 
quired to describe and translate into empirical terms the 
individual steps involved in balancing benefit and risk. 
The process of individual risk acceptance and the result- 
ing formation of attitudes toward the risk source are 
represented in Figure 9. This Figure shows the individual 
phases leading to the development of an attitude and, at 


the same time, incorporates part of the feedback processes. 


The model starts out from the reception of information on 
innovative risk sources. This information ‘nitially 
passes three filters: situation-related evaluation 
patterns, attributive biases, and certain character- 
istics and value structures specific to the individuals 
in question (cf. Suchman, '67, 377, p.197 ff.). 
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Fig. 9: Model of the Risk Acceptance Weighing Process 
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The information arriving is preselected by these three 
filters, and some of its content is re-interpreted. 
Once the information has been received, it is allocate 
certain subjective probabilities. This weighting pro 
is certainly not accomplished by means of mathematica. 
formulae, but by intuitive procedures of the attributi 
assignment described above. Closely related to the al 
cation of probabilities is a weighting of cognitive 
elements in accordance with their subjective signific: 
The perceived probability of negative consequences 
certainly has an effect on the assignment of personal 
weight to these consequences, but there are a number c 
additional influence factors which result from the 
perception of the specific damage and from the subject 
interpretation of the communicative situation (the int 
action field). Among the latter (situational factors) 
the social framework of information transfer (such as 
public lectures, promotion events, TV programmes), the 
evaluation of the information source (credible, tied t 
interests, sincere, attractive), the potential effect 
oneself (shall I have advantages or disadvantages) anc 
the remaining attitude structure (how compatible is tl 
information with attitudes to similar 5bjects?). The 
qualitative risk characteristics filtered from the 
information and the subsequent attributive biases are 
the personal factors to have an effect on the estimati 
of the information content. Last but not least, the 
individual's own preferences, psychic characteristics 
internalized attribution patterns should be mentioned. 


The passage of this process of weighting information 

contents will yield a sum total of "valued cognitions’ 
which are compared and balanced in a secoa? phase in c 
to arrive at a judgement. In this weighing process, ? 
effects of the decision to be made on the individual': 
role perception, the conformity of this decision with 
the judgement of potential reference groups and the 
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compatibility with the individual's social image and self- 
esteem play an important role on the situational level; 

on the attributive 'evel, biases will effect the decision, 
and on the dispositive level personal preferences, readi- 
ness to accept risk and values concerning the judgement 
process (such as a tendency toward ambivalent judgement). 
The weighing process is followed by judgement consolidation: 
the result of acceptance considerations is substantiated 
by arguments (rationalization) in order to be protected 
against external attacks and it is also internally in- 
tegrated into the belief system in order to maintain a 

low level of self-doubt. The individual's own social role 
is reviewed with respect to the decision, and the judge- 
ment is assigred its adequate rank in the overall attitude 


structure. The result of this process is the formation 
of an attitude. 


Feedback processes take place on each level, the primary 
function of which is to reduce of even eliminate any contra- 
dictions (cognitive stress) which might arise. Thus, the 


decision-making process already structures the future 
attitude toward biased imformation sources (for instance, 
ignoring them, acceptance by reference groups). As part 
of the weighing proceas, inconvenient concepts and 
evaluations may be suppressed retroactively and pushed into 
the background, and the information filters may be induced 
toward greater selectivity or re-interpretation of irri- 
tating information items. Incorporation of the decision 
into the overall attitude structure precludes the possi- 
bility of contradictory experience and the occurrence of 
psychic inconsistencies. The information filters are so 
designed that they will receive and process information 
which supports the individual's attitude, while contra- 
dictory information is either not perceived at all, situ- 
ationally discredited (true information cannot be expected 
from that source), or dispositively re-interpreted (the 
disadvantage represented by that source turns out to be 

an advantage really when studied in more detail). 
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Finally, the cognitions and their associated affective 
evaluations are combined into an overall judgement and, 

in addition, a certain biagof behaviour patterns with 
respect to the risk object is formed. The combination of 
these three parameters will be defined as attitude. In 
our attitude concept, the type of linkage between cognitive, 
affective and conative (conation = behavioural intention) 
elements is deliberately not fixed. It is based on the 
theory that attitudes represent mental relations between 

a perceiving subject and a perceived object. This mental 
relationship consists of beliefs about the characteristics 
of the object, of affections toward the object and of 

the propensity to perform belief-adequate actions (cf. 
McGuire, '69, 248, p. 142 ff.; Meinefeld, '77, 251, p. 40 
ff.). Figure 10 demonstrates the structure of this concept 
in a summarized graph. 


When considering a certain object, the individual develops 
three types of cognitive beliefs: first, instrumental 
advantages and disadvantages are associated with the object 
(such as: generates electric power, improves mobility, 
causes accidents); the second step consists of adding 
associative elements (such as: nuclear power station - 
atomic bomb), and, third, probabilistic associations are 
made based on the experience with the situation in question 
(such as: can easily cause a catastrophe, is absolutely 
safe, etc.). As soon as these motions have become con- 
sistent in themselves, we talk about a "belief system". 

In a second phase, the elements of this system are now 
weighted in accordance with their subjective significance, 
a process in which dispositive, individual evaluation 
patterns (psycho-affective reinforcements) and the perceived 
reactionof the social environment to the object in question 
(socio-receptive reinforcement) play an important role. 





M a 


The emotional alignment which results from this weighted 
belief system and the degree of argumentative rationalization 
together with internal factors such as extroversion or 
straightforwardness, and external factors such as role 
expectations or social exposure, determine the inclination 
towards action (behavioural intention). The belief system, 
its emotional strength and the behavioural intention are 
interpreted as a single unit which, however, is combined 

on the basis of individually different summation patterns. 


Description of the Different Research Projects for Empirical 
Analysis 





Once the analytical instruments of acceptance and attitude 
have been defined, the next problem is to trans- 

late the general theoretical aspects into empirically 
measurable indicators. While the analysis of the theoretical 
basis required a review of the entire field of attitude 
and its influencing parameters in order to achieve approxi- 
mation between model and reality, the constraints of time, 
finite number of data acquisistion capabilities, concentra- 
tion capability of test subjects and survey respondents, 

in addition to financial considerations, demand that the 
most representative possible selection of phenomena requir- 
ing explanation be chosen from the number of open 
problems. In the final analysis, such a selection is 
always arbitrary, but it can be justified by plausible 
arguments. 


Reviewing once again the most important process links in 
the acceptance chain and in attitude formation, the fol- 


lowing factors appear to be especially in need of ex- 
planation: 
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- The perception filters (attributive, dispositive and 
situational) and their selection aud re-interpretation 
function; 


- The structure and patterns of belief systems in 
correspondence to the type of risk sources; 


- The effect of situational, dispositive and attributive 
factors on weighting and weighing of beliefs. The 
following factors are of primary interest: 

e The significance for the individual's own life, 

e The perceived generalized values of society, 
The attitude structure of the significant other, 
Dispositive characteristics, 
The perception of qualitative risk characteristics 
and attributive biases, 
The influence of reference groups and important 
social institutions; 


- The perception of potential alternative risk sources; 


- The structure of the attitude and of the preceding 
rationalization, in addition to the effect of external 
characteristics on the attitude; 


- The degree of rigidity of the attitude and its 
influencing determinants. 


A number of indicators was defined for each of these 
problem fields which, in turn, were translateZ into 
moasuring instruments (questionnaires, sxperiments). 





Survey Instruments and Study Cases 





The indicators established above cannot be surveyed in 
one session only since the respondents or test subjects 
would be overstressed. Therefore, this study was im- 
plemented in three phases: 


- Implementation cf two experiments on attribution pro- 
cesses and qualitative risk characteristics; 


- Implementation of two comprehensive surveys on risk 
perception and risk acceptance on the basis of different 
risk sources; 


- Implementation of a representative survey on attitudes 
towards nuclear energy and their influencing factors. 


The two experiments which will be described in detail 

in our discussion of the results were carried out in 

the German town of Jülich. Using a newspaper advertise- 
ment, 37 test subjects were selected at random for the 
first experiment, and 38 pupils (average age 17) for 

the second experiment. 


The comprehensive surveys took place in two towns in 
Germany, Jülich anc Kerpen (in the State of North Rhine - 
Westphalia). The interviews lasted from one and a half 
to two and a half hours and, therefore, required an 
extreme degree of cooperation and concentration ability 
on the part ofthe respondents. Since the problem areas 
under discussion (risk acceptance and perception) are 
still relatively unstructured and since, moreover, the 
length of the questionnaire demanded special cooperation 
on the part of the respondents, a representative 
selection of the study units was foregone, preferring a 
stratified selection procedure via quota specifications. 
Both questionnaires were completed by 50 respondents in 
Jülich and 50 respondents in Kerpen. 











The surveys were carried out in March/April 1979 so that 
the effects of the Three Mile Island accádent couid 

by analyzed as a subsidiary study. Students were trained 
as interviewers. Their primary function was to read to 
the respondents the general explanations for the scales 
and to present the individual scales to the respondents 
for entering their responses in writing. In addition, 
they were required to clarify comprehension problems. 
These were discussed and practised in advance in order 
to reduce reactive distortions to a minimum. Evaluation 
of the acquired data was accomplished automatically, using 
SPSS and SAS computer programs. 


The third questionnaire was designed specifically for the 
nuclear energy problem. All the questions and scales 
were precisely validated in a preliminary test. The 
selection of questi-1s and scale items was made on the 
basis of this validacion. 


In the third questionnaire, most questions were followed 
by standardized responses of the multiple-choice type. 
In addition to improving the precision of statistical 
evaluation, multiple-choice questions have the advantage 
that the respondent is not overstressed, that memory gaps 
are bridged and that concentration can be maintained 
throughout the interview of approximately one hour's 
duration. In addition, standardization facilitates the 
job of the interviewers and reduces the otherwise un- 
avoidable reactive processes (Friedrich, '72, 122, p.32; 
Scheuch, '73, 386, p.77 ff.). 


All response categories were read to the respondents and, 
where several possibilities existed, specified to the 
respondents on cards. The only open-ended questions con- 
cerned an attempt to determine the perception of nuclear 
topics in media reporting and the respondent's own associa- 
tions with respect to nuclear energy. The third 


tionnaire was used in 5 towns in the State of North Rhine - 
ques 


and Kalkar. 
Westphalia: Jülich, Kerpen, Hamm, gere dite, 
Using the records of the municipal registration 
z 
150 addresses each were selected at random. The survey 


were conducted in June, July and early September 1979. 


1 
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part of nuclear energy opponents (re- 


their position by stating a false voting 


erefore, caution is indicated when trans- 


lts to the overall population. However, 
nt existing between the sample and the 
ics allows basic generalizations and 
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art from the different experience acquired 
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estionnaire No. 3, on the other hand, 
study units was of special significance. 
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The first commercial high-temperature reactor is presently 
under construction in Hamm; also under construction is 
the fast breeder reactor in Kalkar. 


Kerpen was selected as the control town, for several 


reasons: 


- Kerpen's population is relatively nonhomogeneous. This 
village agglomeration (population approx. 50,000) in- 
clvdes villages of agricultural predominance, workers' 
settlements, satellite suburbs and a resettled village 


(formerly located on a lignite deposit). 


Kerpen's population is fairly familiar with energy 
problems. A number of lignite-fired power stations 
operate in close proximity where citizens of Kerpen are 


employed. 


The author had already carried out a survey in this 
municipality in 1977 so that time comparisons were also 


possible. 


Of course, it would also have been meaningful to test the 
questionnaire nationally or throughout the Land of North 
Rhine-Westphalia. However, the duration of the interview 
and financial considerations forced us to abandon this 
original plan. Since, however, quite a number of national 
surveys on energy problems have been published in the 
meantime, the results of these questions can be compared 
to values from the local surveys. Also, relative con- 
siderations between the individual variables (such as 
relation of political party preference to attitude) which 


are valid for all locations, are likely to describe repre- 


sentative structures although the absolute numerical 
data will not accurately describe the true value in the 


total population. 

















Part III 





Socio-psychological Experiments on 
Specific Risk Perception Problems 








The Medical sule iment - rimental Setu 


A group of 37 persons who had responded to a newspaper advertise- 


ment in order to take part in a medical experiment for 
testing pharmaceuticals was distributed on the basis of 
their letters and under the random principle into two 
sub-groups of 18 and 19 persons. Both groups were in- 
vited on the same day, but entirely independently of 
each other, to a neutral location (school building) and 
each seated in a classroom. On each person's desk was 
a package with three absolutely identical, commercially 
available vitamin capsules. 


The experimentor, who pretended to be a physician and 
demonstrated this by wearing a white physician's smock, 
explained to both groups in identical words that his 
pharmaceutical company had developed three new capsule 
coatings, all of which dissolved twice as fast in 


the stomach as conventional capsules. In order to achieve 


this, he explained, one capsule was given a weakly radio- 
active coating, one a bacteria-containing coating, while 
the third included a ring of heavy metal which was toxic 
if taken in greater quantities. The experimentor empha- 
sized that the quantity of these materials contained in 
the coatings was so small that a health hazard was abso- 
lutely excluded. The capsules, he said, were filled with 
natural vitamin preparations so that the test subjects 
would be doing something beneficial for their health. 

In order to demonstate the harmless nature of the cap- 
sules the experimentor swallowed all three capsules one 
after the other in the presence of the test subjects. 


Subsequently he requested the members of Group I 

to seiect any one of the three capsules and swallow it. 
In Group II the experimentor directed that the first six 
test subjects take the first capsule, the second six sub- 
jects the second capsule, and the remaining subjects the 
third capsule. 
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After 15 minutes the respondents were requested to state 
whether they felt any complaints and which of the three 
capsules they would prefer to purchase, provided that 

all three were zbsolutely identical with respect to the 
amount of risk involved and their medical effectiveness. 


The basic pattern of this experiment was based on a simple 
factorial design (Zimmermann, 1977, 475, pp. 154-55). The 
Y-values of the two independent variables (complaints, 
purchase decision) at the same time served as control pa- 
rameters so that a separate control group was unnecessary 
for the test. The test setup can be described by the fol- 
lowing schematic: 


Group I: stimulus 1 (voluntary X, ~ M, + M 

Group II: stimulus 2 (assignment) X, > M, > M>. 

X = stimulus; M = measurement. 
It was attempted to reduce reactive distortion to a mini- 
mum during the implementation of this experiment. The 
test subjects were seated in a classroom which was abso- 
lutely identical for both groups. In order to achieve a 
constant influence on the part of the experimentor, the 
groups were invited at different times so that the same 
experimentor faced both groups, exemplifying the same de- 
gree of authority and credibility. 
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nificant relationship (p = 0.05) supports the assump- 
tion that voluntary risk-taking causes lesser aversion 
than involuntery risk-taking. 


In spite of the given identical risk level it is seen 
from both the free selection of the capsule and the 
specific distribution of complaints based on the dif- 
ferent methods of taking the capsules, that the type of 
risk source initiates prefe-ences - probably via asso- 
ciative trains of thought - which are independent of 
the level of the given health risk. 


The assumption that voluntarily reinforced risks are more 
acceptable than externally reinforced risks is presented 
in almost all risk perception studies reported in the lit- 
erature (such as Starr, '69, 406, p.1232 f.; Slovic et al, 
‘77, 367, p.12 £.; Otway, '77, 297, p.5; Scharioth/Krebs- 
bach, '77, 382, p.21). And this assumption appears intu- 
itively correct. However, the validity of this hypothesis 
has never been demonstrated experimentally. To dats, em- 
pirical testing cf the voluntary acceptance thesis has 
been confined to twc procedures. Ch. Starr studied the 
risk sources accepted by society and classified them as 
voluntary and involuntary risks. Subsequently, he deter- 
mined the average loss rate, related it to the benefit 
rate and computed the differences between the two risk 
groups. However, his global comparison yielded 
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different quantitative results: the acceptance rate for 
voluntary risk sources is greater by a factor of 1,000 
than the acceptance rate of involuntary risk sources 
Table 5 and Fig. 11 provide an idea of the different (Starr, '69, 406, p.1236). 

behaviour patterns between the members of Group I (vol- | 

untary risk-taking) and Group II (involuntary risk-taking). 
Two basic insights can be obtained from the data: 
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ts of the Medical le iment 
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capsule 


Subjectively perceived complaints after voluntary (Group I) 


and involuntary (Group II) ingestion of tablets 


Fischhoff et al. used a semantic differential for inter- 
views where the subjects were requested to assign the 
voluntary and involuntary criterion to different risk 
sources, and subsequently used statistical analyses to 
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- Compared to Group I, more than double the number of 
test subjects in Group II, stated that they felt some 
kind of compleint after taking the capsule. This sig- 
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Fig. 11: Results of Medical Capsule Experiment 
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obtain conclusions as to acceptance, measured in the 
form of risk-benefit estimates (Fischhoff et al, ‘78, 
112, p.147). The authors arrived at the result that 
risks reaching high values on the voluntary scale tend 
to have low values on the risk estimation scale. The 
study fails to report on quantitative relationships, 
which is very meaningful considering the methodical- 
causal explanation value of this indirect measurement. 


The Poisoned Water Experiment - Experimental Setup 


Senior students from two courses (average age 17, total of 
38 persons) were divided into two equal groups under the 
random principle. The experimentor described the follow- 
ing situation to both groups: 


"A lethal poison occasionally occurs in the ground wa- 
ter of town X which can enter the households via the wa- 
ter supply. People who drink this water will die imme- 
diately and cannot be saved. There are several options 
for handlingthis problem: 


Installation of a central poison sensor (failure proba- 
bility once in 220 years; loss rate 7,260 citizens); 


- Installation of ten regional poison sensors (failure 
probability once in 19 years; loss rate 627 people); 


- Installation of automatic home poison sensors (failure 
probability 11 systems per annum; loss rate 3 people); 


- Installation of manually operated home poison sensors 
(failure probability 38 % lower than for the third so- 
lution, provided the apparatus is handled properly, 
otherwise 15 failures per annum. An average of 33 
dead per annum can be expected). 


- 18. 
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All four solutions are equally expensive and are exactly 
on the limit of the funds avail: je to town X for the 
safety system. Any other solution, or any combination 
of the solutions, is impossible for financial and tech- 
nical reasons.” 


After presenting this basic situation,which was communi- 
cated to both groups orally in detailed form and summa- 
rized in writing, all pupils were given the same ques- 
tions, but in a different sequence. A questiornaire had 
been prepared for each question so that, after responding 
to a question, the next-following questionnaire was not 
distributed until the preceding questionnaires had been 
collected. 


The pupils were requested to state the following: 


How high would they assess the risk for each variant 
on a scale from O to 10; 


Which variant would have their personal preference; 


How much money they would have to be offered (max. 
DM 10,000) in order to move to the town using the se- 
lected variant; 


Which variant they would prefer when voting in the 
municipal council. 


Two additional questions, identical for both groups, 
followed: First, the pupils had to select between one 
valve costing DM 1,000 and having a failure probability 
of once in 100 years, and two valves costing DM 500 in- 
stalled paralleli having a failure probability of once 

in 12 years each (both possibilities were also explained 
in graph form); the second question consisted of asking 
for the degree of difficulty and understandability of 
the problems given to the students. 
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The experiment was designed so as to provide answers to 
three questiors: 


Are equally probable events (33 dead p.a. each) also 
classified with equal risk if their characteristics 
differ with respect to the centralized-dezentralized 
dimension and the active-passive dimension? 


Are risk sources of dezentralized structure and/or 
with a possibility for conducting one's own inspec- 
tions preferred intuitively? 


Does the decision remain unchanged when a collective 
solution is to be attempted instead of the personai 
preference? 


The basic situation described by this experiment appears 


fairly artificial at first glance. However, several pre- 
tests using similar questions had shown Char the type of 
experimental setup described above is feasible for students. 


Discussing the hypot>etical structure: Strictly speaking, 
this experiment is a quasi~experiment. On the one hand, 
there is no control group for each variable and combina- 
tion of variables, and, on the other hand, the experiment 
does not seek to determine actual behaviour, but hypothe- 
tical behaviour. The experimental type can be character- 
ized by the following schematic: 


Group I: X— Y : Z1, 22, 23 
Group II: X—Y: 23, Z1, Z2 


In this schematic, Y is the risk evaluation, Z1! the per- 
sonal selection, Z2 the income statement and Z3 the vote 
delivered in the municipal elections. This setup repre- 
sents a combination of factorial design and Latin square 
(Zimmermann, '72, 475, pp. 154 ff. and 166 ff.; Campbell/ 
Stanley, '63, 49, p.66 f£.). 











Results of the Poisoned Water Experiment 





The most important results of these experiments have 
been compiled in Tables 6, 7, 8, and 9. Table 6 lists 
the deviations from the uniform distribution concept 
for determination of the risk level. More than two 
thirds of the test subjects either failed to recognize 


the concealed uniformity of the risk level (33 dead p.a.), 


or did not use the number of dead as the sole yardstick 
for estimating the risk level. 


The absolute and percentage values for all four basic 
questions have been compiled in Table 7. A preference 
for the in-house solution with a personal verification 
can be seen clearly from the individual decisions (the 
difference to the variant evaluated lowest in each case 
is significant); the result is less striking in the case 
of the desired solution for the community. Apparently, 
therefore, the test subjects feel that other citizens 
would be less reliable in handling the poison sensor 
equipment, since in-house solutions with a personal veri- 
fication would no longer be preferred in either group. 
This represents an interesting divergence between the 
task of evaluating the risk for oneself or a risk for 

the community. Table 8 summarizes the most important 
justifications given for the selections made between the 
four risk variants. The subjective justification given 
for one's own hazard is approximately in keeping with the 
expectation that advocates of centralized solutions em- 


phasize more the improbability aspect (temporal component), 


while the advocates of decentralized solutions tend to 
favour the damage level aspect (multitudinal effect). 
However, two insights are surprising: 


- Contrary to the assumption presented by many authors, 
it appears that the probability of an accident (tempo- 
ral component) does have a significant effect on risk 


perception. At least this applies to still oversee- 
able time frames. 


The in-house solution is preferred not only because 

of its low catastrophic dimension (multitudinal effect), 
but predominantly on the basis of the idea that this 
concept would be more democratic and represent equal 
distribution of risk among all (objectively, of course, 
the random nature of exposure is just as high as it 
is for the other variants). 


Table 9 shows the results from the additional question 
concerning the preference between valve systems. The 
question as to whether the test subjects would prefer 
one valve having a failure probability of 1 : 100 or 

two parallel valves having a failure probability of 

1: 12 each, 69 per cent selected the obviously false 
solution. This tends to support the assumption that 
probabilities are more likely to be added than multi- 
plied. There were no significant differences between the 
two experimental groups. 


Table 6: Deviations from the uniform distri- 
bution of risk estimates 
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Results of the poisoned water experiment, subdivided by the two experimental 


groups 


Table 7: 
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hurricane etc.) were excluded. However, within the 
spectrum of civilisation-caused risks, examples were 
selected which approximately cover the entire range 
of'civilization-caused risks, i.e. technologically- 
induced, culturally-induced and habitual scarces. 


Effect of Risk Levels (Expected Values) on the | - In estimating the losses of especially serious catas- 
Evaluation of Risk Sources trophes the average pattern is to use a multiplier 
of only 1.5 compared to the normal estizate. It is 


only in the case of sensational, broadly published 
potential catastrophes that significantly greater 


factors are named in some case»; thus, for spray cans 
a factor of 2.42 is named, for pesticides a factor of Three additional boundary conditions were imposed to 


2.37 and for nuclear energy a factor of 87.6 (Slovic " ensure comparability: 


In probabalistic risk analysis the risk level is deter- 

mined from the product of probability of occurrence and the magni- 
tude of consequences. The degree to which this normative 

model also describes the intuitive risk assessment should 

be clarified by means of the following questionnaire 


structure: et a1,'78, 368, p. 10). 


all risk sources should have some characteristic in 


Figure 12 provides an idea of the discrepancy between real and common with nuclear energy, the reference parameter; 


perceived risk levels, according to a survey by Fischhoff, Slovic et | the selected risk sources should vary in the degree 
al. The curve profile clearly indicates the similarity of the ex- of their acceptance by society; 


allocation of average losses per year (deaths, injuries, property 
damage) to different types of risk sources; 


allocation of average losses in an especially catastrophic 


year to be expected during one life span; 
abstract risk-benefit estimation of risk sources; 


future procedure with respect to risk sources (from 
support to prohibition). 


Several American studies use similar indicators, some of 
which were used as models for this investigation. In 
particular, the studies by Fischhoff et al should be 
mentioned here. The results of these studies shall be 
briefly summarized: 


the quantity of rare lethal consequences is over- 
estimated while everyday risks are underestimated. 

The true risk levels fluctuate from sixty to about one 
million while the perceived span ranges only from 120 
to about ten thousand (Fischhoff et al, '78, 113, p. 33). 


Overestimated risks are usually of a dramatic nature 
with high sensational content and broad publicity 
effect.  Underestimated risks are usually of an every- 
day nature, include a continuous loss rate and do not 
always have lethal consequences (for instance diabetes) 
(Slovic, '79, 371, p. 15). 





treme values and the underevaluation of every-day risk sources 
and the overevaluation of dramatic risk sources. 


Before discussing the results of our study in comparison 
to the American data, the selection of risk sources 
should be described briefly. 


First of all, we could take into consideration only those 


risks for which fairly reliable data to determine the expect- 


ed values were available. Secondly,a number of content 
requirements had to be satisfied. On the one hand, we 
had to select homogeneous risks whenever possible, since 
our theoretical model provides that individuals do not 
have any universal risk perception mechanism but, at 
best, develop similar strategies to cope with uncertainty 
and the threat of danger under different rísk classes. 

On the other hand, the validation of this theory which 

is a subject of dispute in the literature, required the 
selection of heterogeneous risks wherever possible in 
order to be able to demonstrate that different risk classes 
are also associated with different perception patterns. 
As a compromise between these two requirements only civi- 
lisation-caused risk sources were taken into 


consideration, meaning that natural risk sources (earthquake, 


the selected risk sources should ciffer in their 
qualitative characteristics (such as the voluntariness 
of risk-taking). 


In accordance with these conditions the following risk 
sources were selected for the category of technologically- 
induced risks: X-ray (radiation being the common charac- 
teristic with nuclear energy), electrical appliances 
(electric power being the common characteristic), pesti- 
cides (carcinogenic effect being the commoa characteris- 
tic), motor cars and aircraft (energy and possibility 

of accidents being the con characteristics, intercom- 
parability also exists), automation on the job 
(instrumental function being the common characteristic) 
and, finally, coal-fired power stations as a direct 
alternative to nuclear energy. Among the habitual risks, 
three habit-forming products were selected,because of their 
class-specific comparability and their variable degree 

of acceptance by society: cigarette smoking, alcohol and 
heroin. Similar to the nuclear energy risk, harmful effects 
on health can be expectod from all three risk sources. 














Especially problematic was the inclusion of culturally- 


induced risks such as leisure occupations, sports and 
artistic activities. The pretests had revealed heavy 






































9 M T T resistance on the part of the respondents even to per- 
l ceive these forms of risk as being risky at all and 
e alle Unfälle alle | to fill in a belief scale on these relationships. The 
"I Krankheiten _ | only risk sources which yielded a response pattern which 
Autounfall ° could be interpreted in any meaningful way at all re- 
Krebserkrankungenf e main motor car racing, gliding and skiing. 
10 000 HerZkrankheiten| 
Fleigchvergiftung — ELLO i Therefore, in order to avoid overlapping with motor car 
Ë ngg a Diabetie driving and air traffic in general, only the skiing risk 
1000 "-— * ° was included in the main study. However, this risk 
° ° A n: rkulose 7 source has nothing in common with nuclear energy. There- 









elektrischer Stuhl | fore, it is merely used as the control variable in the 
analyses to follow. 


The first task assigned to the interview subject was to 
estimate the losses (deaths, injuries, property damage) 
for each of the risk sources listed. The figures for 
the field of private cars were provided to the 


Geschatzte Zahlen von Toten pro Jahr 


respondents so that they would have a Starting point for 
‘ 2 ep — ^ their estimations. The results of these interviews 
000 100 000 1000000 have been compiled in Table 10, and several indices have 
Aktusile Zahlen von Toten pro Jahr — been listed in this Table to summarize the data. 








The abstract estimates are of secondary significance. 
Rather, the difference between the estimate made by the 
population and the data contained in the official sta- 
Fig. 12: Discrepancy Between True and Perceived Fatalities tistics are of interest. Figures 13 a-c show a compari- 
(U.S. Data acc. to Fischhoff) son of the median values for the two classes of vari- 
ables. In Figure 13 a, logarithmic scale was used to 
establish a relation between real losses and estimated 
losses during an aver. Te year,in Figure 13 b the same 
relation has been plotted for the loss estimates in a 


"M6 ^ 








catastrophic year and in Figure 13 c the data are again 
plotted for an average year but this time using a mixed 
scale: logarithmic for the official data and linear 
for the estimated values. What are the conclusions to 
be drawn from the Table and from these figures? 


The span for the estimated deaths (normal year) 
ranges from 130 to approx. 17,000, while the real, 


statistically determined values range from 22 to 
99,000. 


Low loss rates are easily overestimated, while high 
loss rates are more likely to be underestimated. 


The multiplier for loss estimates between normal 
years and a catastrophic year is on the average 
approximately 2.04 (and, therefore, slightly greater 
than in thé American studies). Some sensational or 
often-discussed risks and risks causing conceivably 
great losses are extremely overestimated with re- 
spect to catastrophic perception capabilities. 

For pesticides and X-rays, 10 times the number of 
deaths was estimated, for coal-fired power stations 
17 times the number of deaths, for skiing accidents 
32 times and for nuclear facilities 2,360 times 
the real number of deaths. The differences between 
average year and catastrophic year are slightly re- 
duced when an index is computed from deaths, inju- 
ries and property damage instead of merely using the 
fatalities as the reference parameter; however, the 
basic relations remain unchanged. 


The estimates of losses for an average year approxi- 
mate the true data from the statistics fairly well. 
The correlation between the respective medians is O.78. 











Arithmetic mean: 1.92 errors 




















7 s $ 
1500 4000 11000 30000 


10 


81000 220000 


4 
350 


























Fig. 


13 a: Discrepancy Between True and Perceived F 


for an Average Year 
(German Data, Logaritmic Scale) 


atalities 























x 
o 
z 
x 
o t 
e t 
5 9 
š E 
Q 
= 
z 
* 
SA Le ° 
ts 
«$882 
eg § Š 
Leg N 


Figure 13 b: Dis 
for 
(Ge 

















9 













,Meoho 





4 
550 


i 


3 
200 


| 





@ Arbeitsunfülle 


@ Rauchen 


Table 10: 


G... 


Estimated Losses from Different Risk Sources 





@ Alkohol 


Haushaltsunfülle 


Losses 
timated|Estimated|Estimated losses 

a (deaths, inju- 

ries, property 


deaths 


per nor- 
mal year 


deaths 
for cata- 


Diff 

between 
normal 
year and 
cata- 


Index: 


losses loss 
with one jindex 
cata- 
strophic 
year per 
100 years 


Total f total 








` 
E) 
E 
= 
© 
E? 
x 
2 
£ 
c 
x 
e 


N 
de 
3 
E 
Q 
e$ 
c 
D 
* 
c 
s 
We 
D 


@ Röntgen 





Flugzeug @ 





I 


2 
74 






1 
27 


T 


H 





Statistical Calculation of Fatalities 





o inx 








74 2— 
27 94 


200 3— 


T 
S 


Estimated 


Fatalities 


crepancy Between True and Perceived Fatalities 


a Catastrophic Year 
rman Data, Logarithmic Scale) 


18 000 — 


geschátzte 
Verluste 


Fig. 13 c: Discrepancy Between True and Perce 


5 400—] Elektr. Haushaltsgeräte 


16 200 — 
14 400 — 
12 600— 
10 800 — 
9 000— 

7 200— 

3 600— 


Accidents 
on the jcb 


Smoking 
Motor cars 


Home acci- 
dents 


Alcohol 
Heroin 
Home acci- 
dents in- 


volving 
electric 


power 
Aircraft 
Pesticides 
Coal 
Nuclear 
power 
stations 


X-rays 


Skiing 





r2-0,77 





17,438 
16,629 
14,000" 


11,491 


10,432 
9, 808 


4,032 





35,515 


16,365 


* 
17,500 


13,641 


27,798 
21,927 


13,153 


8,296 
10,125 


14,189 


672,423 








91.1 
111.7 
147.7 


6928.8 














errechnete Tote 


statistisch 
r -0,87 


ived Fatalities 


for an Average Year 
(German Data, Mixed Scale) 


" figures given to the interview subjects 




















- 140- 


If the different spreads are incorporated and a 
mixed logarithmic-linear correlation is used, tl 


relation between the two median classes will ri: 
to a value of 0.87. 


Comparison between the computed statistical dati 
for a catastrophic year and the corresponding si 
jective estimates reveals a greater difference kL 


tween the two classes of variables. Apparently, 


most risks are given a relatively similar estime 
since ten of the thirteen risk sources are locat 
within a narrow range between values 6 and 8, w 
the real values show a dispersion between 2 and 

(logarithmic scale). Therefore, in a normal yea 
it appears that "common sense" can produce a rel 
tively good estimate of losses. However, where 

intuitive yardsticks do not exist, which applies 
the classification of catastrophic developments, 
relatively constant loss rates are stated withou: 
more detailed differentiation between risk types 
or extreme orders of magnitude are selecteå. As 
a result, the correlation coefficient between re 
and perceived values is only 0.39 in this case; 1 
relation is not significant (p = 0.10). 


If we start out from the result that the risk level ar 
its probability is perceived relatively correctly by t 
population for an average year,the question immediately 
arises whether these perceived parameters also determi 
the subjective evaluation of the risk source. And her 
a surprising result is obtained. Almost all correlati 
analyses made between risk estimates and information o 
future procedure with respect to risk on the one hand 
and all the possible loss indices on the other hand 
practically fail to reveal any relationship.  Regardle 


ne 
se 


Sal 


of whether we start out from the perceived number of 
deaths, injured or property damaged, regardless of 
whether we construct several indices of these three 
parameters, whether we divide the risk level by the 
number of potentially affected persons, whether we use 
the data for normal or catastrophic years, whether we 
average the data for normal or catastrophic years under 
several different procedures (using ratios of 1:50, 
1:100 or 1:250) - it is impossible to find a clear-cut 
relationship to risk-benefit evaluation. 


The same result has been found in the American 
studies. Similar to the present study, theee 


investigators found a very low agreement 

between estimated risk level and risk evaluation. 
However, the correlation improved significantly when the 
data for estimating the catastrophic year were included 
(Slovic et al, '79, 372, p. 13 ff.). For the German 
sample even this relationship is not significant. 


Several studies on the acceptance of medical risks have 
arrived at the same conclusion. The acceptance problem 
is only slightly influenced by the estimate of the risk 
level but predominantly by the evaluation of risk con- 
sequences and the motivations for risk acceptance 


(Pochin, '75, 317, p. 189). 


All of these studies confirm the result that the perceived 
risk levels represent only one, possibly low, influencing 
factor in the estimation of risk sources. At normal 
averages the risk level estimates of experts and laymen 
are relatively homogeneous. However, the experts con- 
sider these estimates to be a normative basis for the 
acceptance decision (this has been confirmed empirically 


through a survey of experts conducted by Slovic et al, ‘79, 


372, p. 12), while laymen consider it to be only one 
weighting factor among many. 








Homogeneity of Risk-Benefit Estimates Made by Different 
Population Groups 





Prior to discussing the natural question as to the causes 
of the deviation of the intuitive risk-benefit estimates 
from the level of the perceived loss rate, a brief ex- 
planation of the structure of risk-benefit estimates is 
of special significance. In all three surveys the inter- 
view subjects were requested to state a value on a scale 
from -3 to *3 which in their opinion best represented 
the ratio of benefit to detriment for the risk source 

in question. This variable is referred to as risk- 
benefit estimate below. In addition, the interview sub- 
jects were requested in questionnaire II to grade bene- 
fits and detriments separately on a scale from O to 10. 
Another index for the risk-henefit estimate was obtained 
frem these two variables by summation. Consequently, the 
following variables were available for the comparative 


study of independent and dependent measured values on 
risk-benefit estimation: 


estimate 1: risk-benefit estimate for 100 interview 
subjects using questionnaire 1; 


estimate 2:  risk-benefit estimate for 100 interview 
subjects using questionnaire 2; 


estimate 3:  medians of the differencebetween the 
separately determined benefit and detri- 
ment estimate (questionnaire 2); 


estimate 4: risk-benefit estimate for 507 interview 
subjects using questionnaire 3. 


The distribution of the medians for each of these four 
estimates has been plotted in Figure 15. Good agreement 


between the medians is seen at first glance. This is 
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Fig. 14: Mean Values of Three Independently Measured 
Risk-Benefit Estimations 
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a striking result, considering that it involved three 
completely different samples. 


The same result is also obtained after differentiating 
by survey locations. With the exception of the nuclear 
energy variable, there are no significant differences 

in risk estimation between interview subjects living in 
Jülich and in Kerpen. This applies equelly to the first 
and the second questionnaire. 


The dispersion spread of the individual categories is 
also relatively low. This homogeneity of the response 
behaviour is retained as a basic structure even in the 
case of highly different criteria differentiation. 
Apparently the evaluation patterns of individuals are 
similar - at least for the 13 risk sources included in 
these studies. This fact allows two conclusions: 


Risk-benefit estimates of different risk sources 
follow a relatively rigid judgement pattern in the 
case of all individuals. 


- The results of this judcement process agroe to a 
large degree so that it is probable that the deter- 
minants of this process have similar interpersonal 
structures. 


With respect to the question regarding the future procedure to 
be adopted for risk-handling,the uniformity of response behaviour is 


less pronounced between questionnaires 1 and 2. The 
correlation coefficients for the 13 risk sources vary 
from 0.13 (motor car) to 0.77 (heroin). This may be 
due, on the one hand, to the fact that the individual 
questions as well as the response categories wex« phrased 
differently. On the other hand, it is also possible that 
risk level ard benefit receive the same interpersonal 











estimate, but that this does not apply to the desired 
consequences. 


If we use the separate estimates of benefits and detri- 
ments as a basis for analysis, we encounter a reciprocal 
relationship: the greater the benefit estimate, the 
lower will be the estimate of the detrimental effects. 
Both quantities correlate at an intensity of -0.96. 

This result is contrary to the values obtained in the 
Fischhoff study ('78, 114, p. 132 ff.) and an IAEA study 
by Otway ('77, 297, p. 15) where benefit and detriment 
were given different weights for overall judgement. 
However, different methodologies were used for these 
two studies. 


In spite of this discrepancy, a glance at Figure 15 
reveals that, considering the point aggregation, the 
American values reported by Fischhoff have a structure 
which is highly similar to that of the German values. 

On the whole there is merely a parallel shift toward 

the left-hand bottom corner. This may be due to the 
linear transposition of the American data into the 
existing coordinate system or to the use of a different 
measuring technique. For Fischhoff et al divided thoir 
test subjects into two groups, one of which evaluated 
only the benefits and the other only the risks. 

Yet there is great agreement: both the relative spac- 
ing of the points and their distance from the respective 
regression line are almost identical. This observation 
once again supports the thesis of a relatively universal 
estimation of risk and benefit levels of known risk 
sources. 
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15: The Estimation of Benefit and Risk - A Comparison 


between German and American Data 


e amerikanische Werte 


A deutsche Werte 





(German Data, Logaritmic Scale 


Effect of Ideas on the Characteristics 
of the Individual Risk Sources (Belief System) 


Two important results of the risk perception analysis 
must be retained so far: 


Risk estimation is only slightly dependent on the 
perceived loss rate per unit of time. 


The evaluation of risk sources on the basis of their 
intuitive benefit-detriment distribution or risk- 
benefit estimate is relatively universal for all the 
interview subjects. 


The present chapter is concerned with describing a class 
of variables which might provide an explanation of the 
level and uniformity of risk-benefit estimates of differ- 
ent risk sources: the subjective ideas and arguments 
given for each risk source (the so-called belief system). 
For this purpose, a special scale including 46 statements 
on economic, health, personal, society-related and poli- 
tical aspects has been designed, and the interview sub- 
jects were requested to state the probability for the 
occurrence of each of these consequences. Contrary to 
the otherwise customary scales, positive and negative 
consequences were measured separately to acquire the 
ranking of each statement with respect to both content 
(right or wrong) and direction (encountered more frequent- 
ly as a negative consequence or encouatered more frequent- 
ly as a positive consequence). Finally, similar to 
Fischbein's attitude measurement model (where the scale 
values for the belief system are multiplied by the gener- 
al subjective evaluation of these statements), the 
responses to each statement were weighted with the values 
of the so-called evaluation scale (the personal signifi- 
cance of each argument to the interview subject). 





However, due to reasons of methodology, the non-weighted 
belief scale was used predominantly for evaluatior. 


Complex statistical techniques had to be used for eval- 
uation of these scales in order to ensure a meaningful 
and convincing reduction of the total of 1,196 variables 
to major parameters and factors. For this purpose, 

three statistical test procedures were used consecutively: 


multiple regression of beliefs, using each risk- 
benefit estimate and each evaluation index as depen- 
dent variables, in order to exclude irrelevant state- 


ments; 


factorial analysis of the remaining statements to 
reveal the basic structure and acquire the major 


factors; 


variance and regression analyses of these factors, 
using the risk perception variables which must be 
explained. 


The schematic in Figure 16 shows the results of this 
evaluation. This graph demonstrates the significance 

of the individual belief factors for the affective evaluation 

of each risk source. The evaluation variable for each risk source 
must be seen separately from the variable of risk- 

benefit estimation. It was determined as the sum of 

a so-called semantic differential, a technique which 

has been tried and tested in the social sciences as a 

valid instrument for the acquisition of affective represent- 
ation of objects or groups of persons in one's perceptive images. 
The numerical data on the ordinate represent the value of the 
declared variance (R2) for the dependent variable "risk 

source evaluation". 
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A. 


interpretation possibilities exist for a 
of the columns for the 12 risk types. The 
elationships appear to have special interest: 


characteristic of the positive leaders 
benefit evaluation is that subject- 
values and advantages play a dominant role 
cal appliances, X-rays, motor car, coal). 


Sources given a relatively positive evalua- 
termediate position) are characterized by 
mphasis on benefits to society and to the 
which have only minor effects on the individ- 


craft, automation). 


rces given a highly ambivalent evaluation 

' power stations, pesticides) are associated 
antly with socio-political and society- 
disadvantages, while health aspects and per- 
onomic advantages are approximately balanced. 


ase of risks given a clearly negative evalu- 
moking, alcohol, heroin) the aspect of the 
ial's own health detriment becomes largely 

.. This means that subject-referred values 
‘trong effect on risk-benefit estimation in 

| positive and the negative range. The accep- 
: habit-forming products, in particular, appears 
pendent on the ratio of the perceived enjoy- 
stor to the perceived potential health detri- 
hile the enjoyment factor of alcohol ranges 
centage point above the health detriment 

the evaluation is inverted in the case of 

>», and for heroin the ratio is 1:5. The risk- 
estimates are given in the same negative 

>. This might be a useful fact, for instance 














for public information campaigns. Health detriments 
are perceived for all habit-forming products, but 
their estimation and acceptance is significantly 
determined by the ratio of perceived potential enjoy- 
ment and believed degree of potential health detriment, 
regardless of the absolute level of the corresponding 


values. 


The skiing risk falls slightly out of the general 
pattern: positive and personal aspects by far pre- 
dominate, but the risk-benefit estimation occupies 

a more intermediate position. It is possible that 
this reflects symbolic beliefs not taken into consid- 
eration, such as "skiing is only for the affluent". 
Last but not least, the behavioural role component 
(where the interview subjects were skiers themselves) 
is likely to have a significant effect on the per- 
ception of skiing risk. 


Another interesting area is the comparison between 
the alternatives of coal and nuclear energy. Both 
have the same purpose, the generation of electric 
power. However, the perception structure for these 
two systems differs greatly. Apparently coal is 
directly associated with electric power supply and 
hence with quality of life, pleasure and enjoyment, 
while in the case of nuclear energy the society- 
related and social constraints appear to be the 
most important links in the association chain. The 
perceived personal advantages of coal energy over- 


shadow the also perceived disadvantages to the environ- 


ment and to health. 


In the case of nuclear energy, health aspects and 
accident risks are also found as important negative 
items. Therefore, the predominance of negative 
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16: Factor-Score Patterns of the Belief-Scale 
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perception contents may be partly offset by 
jected expectations in the future and advant 
to society and to the economy. 


In addition to the individual interview data th 
for each risk source were also analysed as basi 
for an aggregate evaluation in order to ensure 
better comparability of the risk sources. This 
probably used in the study by Fischhoff et al. 
using geometric means, and approximately simula 
studies by using three-dimensional factor analy 
However, the following must be kept in mind for 
type of aggregate evaluation: 


- the greater part of the variance is arbitrar 
excluded; 


- excessively high coefficients occur in corre 
analyses; 


- factor analysis will necessarily yield an 
cal set of factors for each risk source. 


Of course, the last-named item describes a desi 
result, that, unlike the graph presentation in | 
18, the information contained in the different i 
for each risk source can be combined into absol 
identical factors and that the values in each i 
are comparable. However, this is an arbitrary | 
nization procedure whose results can be interpr 
only with reservations. 


This type of factor analysis of the medians : 
the following basic dimensions: 
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consequences for the individual 
(pleasure, happiness, health, leisure, financial 


losses, conyentence, education); 


effects on welfare and society 

(quality of life, supply, general health, 
protection of life, standard of living, security, 
social justice, conservation of the environment); 


social and technological progress or retrogression 
(modernization, progress of society, advantages to 


future generations); 


socio-political values (freedom, progress, democratic 
rights, citizen's participation, social justice); 


direct personal advantages and disadvantages (plea- 
sure, personal advancement, happiness, convenience). 


Figures 17a to 17d represent the content structure of 
the aggregate data. A presentation similar to that of 


the IAEA study (cf. Page 34 ) was selected. 


The five factors are plotted as block diagrams and, 
therefore, allow direct visual comparison for each risk 
source. Again, the three habit-forming products exhibit 
the sequence of alcohol-smoking-heroin in almost all 
evaluation aspects. The greatest personal advantages 
are associated with alcohol, followed by cigarette smok- 
ing and heroin. The same applies approximately to the 
perception of society-related consequences. While the 
social progress factor has no interpretative signifi- 
cance (as already described in the case of the indivi- 
dual analysis), alcohol and smoking are reversed for 
the socio-political effects. Although the difference 
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Fig. 17b: Aggregate Belief Structure Factors (Summation 


of Factorial Loads) 
b) X-Rays, Electrical Appliances, Skiing 
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of Factorial Loads) 
c) Automation, Motor Cars, Air Traffic 

















Fig. 17c: Aggregate Belief Structure Factors (Summation 
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d, considering the small number of cases, 

m any significance, this inversion appears 
ince the consequences of alcohol to health 
life are more easily perceived than the 

s of smoking. In the case of heroin, the 

ve beliefs, compared to alcohol and nicotine, 
n all factorial levels. 


ly ambivalent structure of belief factors 
the case of pesticides and nuclear energy. 
values for pesticides are clearly distrib- 
zero, expressing the perceived ambivalence 
ntages and disadvantages of pesticides. The 
rgy values, on the other hand, exhibit a 
ped high in the question of projected ad- 
d a well-developed low in the question of 
8 to society and politics. On the whole, the 
ated consequences are given a slightly posi- 
tion, but not the society-related and econom- 
These relationships support the theory that, 
perceived negative consequences of nuclear 
at best be compensated by its projected ad- 


energy as a comparison yardstick again, the 
rence in the evaluation of personal and 

ated aspects is seen at first glance. The 
the subject-related beliefs is 26 points 

coal than it is for nuclear energy; in the 

| Society-related and economic values, the 

is even 68 points. Progress alone, as 
limension,is attributed more to nuclear energy 


to coal energy. 






























Comparison between the two means of transport, motor 
car and aircraft, reveals some interesting relation- 
ships. On the whole, the aircraft has been able to 
achieve a positive evaluation ahead of the motor car, 

and air travel was attributed both more subject-related 
and more society-related advantages. The motor car can 
acquire a better rating only with respect to "political 
effects"; this is probably due to the fact that the 

motor car allows greater expansion of consumer patterns 
to include all the classes, while the aircraft still 
suffers a little from the stigma of exclusivity. The 
differences are significant but yet fairly low. 

Another remarkable fact is that the society-related and 
economic consequences of motor vehicle traffic are 
perceived to be negative on the average. As perceived 

by the population, the advantages of motor car traffic 
guch as high standard of livj c, flexibility and qual- 
ity of life can no longer offset the high accident rates, 
congested streets, pollution and over-motorization. 
However, the percentage of personal advantages is so 
great that an acceptance crisis in motor car traffic 

must not be expected. Yet the protest against further 
development of the highway network and the demands that 
motor car traffic be reduced which have been put forward 
recently in Germany appear to have had their effect on general 















perception by the population. 

















Electrical home appliances and skiing are given a posi- 
tive evaluation in all categories where, due to their 
nature, the factors of progress and socio-political 
aspects are not very pronounced, especially in the case 
of skiing as a risk source. The relatively poor rating 
of X-ray diagnostics as a risk source deviates from the 
analysis of the individual data. But it is especially 
here that the imposed factorial structure is likely to 














have been least justified since, for instance, the 
factor "direct advantages" is composed primarily of 
the elements of pleasure, happiness and convenience 
which have little significance in X-ray diagnostics. 













































Finally, the surprisingly positive evaluation of the 
variable "automation on the job" should be pointed out. 
Positive quantities were obtained for all five factors. 
Positive beliefs on modern machinery on the job appear 
to prevail not only with respect to future generations 
and society as a whole but also for the personal wel- 
fare of the individual. Automation in terms of humaniz- 
ing the job is more deeply rooted in the awareness of 
the population than the potentially negative effects of 
unemployment and conditioning by mechanized work. 

































Effect of Qualitative Risk Characteristics 































The psychological literature in the field of risk per- 

ception is primarily concerned with the effect of so- 

called qualitative risk characteristics, i.e. specific 
characteristics of risk consequences in terms of 
voluntariness or verification possibilities (cf. Fischhoff 

et al, '78, 112; Vlek and Stallen, '79, 529; Slovic et 

al, '78, 368). These inherent characteristics are often 
considered tc be the decisive variables of risk per- 

ception. In order to test this theory, a scale of 12 
polarity pairs (semantic differential method) was designed which 


included the following notions: 








voluntary/involuntary; 












- useful to all/useful only to some groups of society; 










- hazard is directly perceivable/hazard is not per- 
ceivable; 





- risk is known to science/risk is not known to 


science; 


- immediate detriments/delayed detriments; 


- risk can be personally influenced/risk cannot be 


personally controlled; 


- individual has benefits himself/individual has no 


personal benefits; 


- minor consequences in the event of failure/catastroph- 


ic consequences in the event of failure; 


- known, calculable risk/unknown, incalculable risk; 
- every-day risk/entirly unaccustomed risk; 


- gafety supervised by the public/safety not supervised 


by the public; 


- game benefits can be achieved through alternative 


facilities of lesser risk/no alternatives exist to 
achieve the same benefits at lesser risk. 





These scalar values were again evaluated statistically 
and, using multiple regression, compared to the evalua- 
-ion of each risk source. A graphic review of the 
results can be seen in Figure 18. The 12 risk sources 
have been plotted on the abscissa and the value of the 
relationship on the ordinate (multiple correlation co- 
efficient). Unlike the belief scale, the simple correla- 
tion values, not the declared variance, were selected 
(squared correlation values). For, on the average, the 
summated proportion of the declared variance is only 
about 18$ while the six factors of the belief scale 
reached apprcximately 30 to 38 percentage points. Con- 
sidering the explanation structure revealed here, the 
assumption that the qualitative characteristics have a 
dominant position in risk perception becomes questionable. 
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Fig. 18: Factor-Score Patterns of the Qualitative Risk 
Characteristics: Multiple Regression Coefficients 





























This assumption becomes all the more questionable 
because it is the benefit aspects not included by 
Fischhoff et al which play the most important role 

in the regression equation for six of the nine risk 

| sources. The risk-related characteristics are closely 
x related only to the extremes "nuclear energy and 
pesticides" on the one hand and "home appliances" on 
the other. It is likely that benefit and detriment 
aspects perceived in risk source evaluation are primary 
factors in judgement-forming, while qualitative risk 
characteristics have an effect only where certain risk 
sources are associated with positive or negative ex- 
tremes of the qualitative perception. “They are used 
for additional orientation when perception thresholds 
are exceeded. Similar to the Fischhoff studies, two 
determining risk areas were developed in this study: 



























- the voluntarinessof risk-taking and the possibility 
of personal verification; 


























- the degree and type of potential detriments. 














However, the ranking of these two factors must be 
assessed considerably lower than suggested in the 
American studies. In order to demonstrate the differ- 
ences between the two studies, the comparable results 
from the interviews by Fischhoff et al were transformed 
in linear fashion to match the German scale, and the 
different pairs of values were plotted in a coordinate 
system (cf. Figure 20). 











In the four most important criteria, "voluntary, person- 
al verification, scientifically known and im- 

mediate effects", over 6O% of all values ranged within 
an interval of +1 about the median line (uniform dis- 
tribution). Consequently, the difference in the amount 
















of the explanation value for the qualitative charac- 
teristics can hardly be attributed to the different 
data structure. Rather, it is a product of the aggre- 
gate analysis used in the American version which, as 
described above, inevitably raises the correlation 























values. 









This will become evident immediately when the German 
data are also aggregated. Comparison of the medians 
between the qualitative variables and the risk evalua- 
tion in each case yields a linear correlation of 0.68 
and à curvilinear correlation (exponential curve profile) 
of O.74. Figure 20 shows this in graph form. 






















Using an approach similar to the American study, the 
aggregate qualitative scale values were sub- 

jected to factor analysis. This analysis resulted in 
three factors: one factor for voluntariness, personal 


control, public controllability and scientific familiar- 
ity, a Second factor for the severeness of consequences, 

















everyday nature and short-term effects. 

These two factors were also found in the American study 
(Fischhoff et al, '78, 112, p. 145). A comparison of 

the individual factor loadings is shown in Table 11. The pres- 
ent study also included the benefit distribution as an 
additional factor which was not à part of the compar- 

able American study. The absence of this aspect must 


































be interpreted as a deficiency since this dimension Volontary Risk-T kina 
covers approximately one third of the explained variance immediate Effect 
thin the scale used here. Personal! Control 
— Known to Science (in German: Technically Advanced) 
H A Home Appliances 
The values of the facto. loadings were plotted in a cooz- N. E. Nuclear Energy 
dinate system (Figures 21a to 21c) for better interpretation of M. V. otor Vehicle 





the abstract numerical values. In the comparison of factors 1 and 2 


























Pkw H 
* 
M z 
Rauchen @ H x 
x 
D Pflanzenschutz $ 
e. H. * D s = 
Pkw @ es * O H 
KKW Röntgen È _ Š 
& s - 
> Š £ 3 
5- KKW Š x 
6 z H 
Pkw @ Pflanzenschutz E B 
r E 
d c * 
š š 
Pflanzenschutz 
" @ Kohle E š 
we š 8 
3 GO Pflanzenschutz ~ 


Kohle 
* 


* 
eKKW /Pkw ©, 
CTT eRóntgen 


Rauchen D 
e e.H. 


Rauchen 





Rontgen 









Nuclear Energy 





Pesticides 
























USA 


Freiwillig 

Kurzfristiger Schaden 

pas. Kontrolle 

wiss. erforscht 

e.H. elektrische Haushaltsgerate 





index 
Qualitative 
Properties 





Fig. 19: Comparison of German and American Values for 


ben opc in in APA mann va Z "ipii ud - 


Qualitative Risk Characteristics 








